Infants' ability to discriminate contrasting acoustic information has been demonstrated with many of the speech contrasts found in the world's languages. However, this ability seems to be positionally constrained. Contrasts in onsets are discriminated by young infants, but coda contrasts are not discriminated until around 16-to 20-months (Zamuner, 2006). Here we examine whether the contrast and the position influence discrimination in younger infants. We tested 64 12-month-olds' discrimination of voiceless (/p/, /k/), or voiced stops (/b/, /g/) in either wordfinal (VC; Exp. 1) or word-medial (VCCV; Exp. 2) position. Experiment 1 habituated infants to ap or ak (voiceless) or to ab or ag (voiced). At test infants heard the same token presented during habituation (same) and a novel token (switch). Planned comparisons revealed that only infants in the voiced condition looked longer to the switch than the same trial (p < .05). In Experiment 2 infants heard apta or akta (voiceless) or abta or agta (voiced), but no effects of trial type were found, suggesting that the perceptual advantage in word-final position does not exist in word-medially. Thus, in word-final coda position voiced stops are more acoustically salient than voiceless stops, providing infants with added information to aid in discrimination.
Long before they can speak, infants are already learning the patterns of their native language, using input from their environment. Young infants demonstrate the ability to discriminate many of the speech sounds found in the world's languages (for a review see Aslin, Jusczyk, & Pisoni, 1998) , and over the course of the first year of life, infants' discrimination of speech sounds reorganizes to match the phonetic constraints of their native language. Studies have shown that by the age of 6-months, infants have narrowed their perception of vowel categories to focus on native contrasts (Kuhl, Williams, Lacerda, Stevens, & Lindblom, 1992) and that by the age of 10-months, infants lose their ability to discriminate virtually all non-native consonant contrasts (Werker & Tees, 1984 ; see Best, McRoberts & Sithole, 1988 for discrimination of click contrasts). However, not all speech sound contrasts are equally discriminable.
Infant discrimination of consonant contrasts seems to be positionally constrained. That is, research has shown that consonants in coda position are more difficult for infants to discriminate than those in onset position. For example, infants at 9-months are most attentive to information presented at the beginning of syllables (Jusczyk, Goodman, and Baumann, 1999) . English-learning infants show a significant listening preference for lists of words that contain the same consonant-vowel sequence (e.g., fet and fen), the same initial consonant (e.g., mod and mib), or a common manner of articulation in initial consonants of CVC syllables (e.g., bip and pok). They, however, show no preference for CVC syllables that contain a shared rhyme (e.g., mad and tad) or vowel nucleus (e.g., nid and sib). Taken together, the results of these studies indicate that 9-month-old infants attend more to onset segments than coda segments. Moreover, 10-month-old Dutch infants tested on their discrimination of voicing contrasts (/t/-/d/) and POA contrasts (/p/-/t/ and /p/-/k/) in both word-initial and word-final positions show discrimination of all contrasts in word-initial position, but not word-finally. It is not until 16-months that infants demonstrate the ability to discriminate word-final POA contrasts (/p/-/t/), and infants at this age are still unable to discriminate word-final voicing contrasts (/t/-/d/) (Zamuner, 2006) .
While research has found only coda discrimination in older groups, 12-month-old infants may be able to detect a contrast provided it is salient enough. For example, in the case of stop consonants, it could be that differences in voiced consonants are more detectable in coda position than their voiceless counterparts. That is, though voiced stops have shorter release times than voiceless ones, they exhibit voicing until their release. This results in longer maintenance of formant transitions providing a stronger cue for infants as to POA and giving voiced stops a perceptual advantage in coda position. This study seeks to determine if 12-month-old infants perceive voiced and voiceless consonants contrasts differently in both word-medial and word-final coda positions.
EXPERIMENT 1
Twelve-month-old infants were tested on their discrimination of voiceless stops (/p/ and /k/) and voiced stops (/b/ and /g/) in word-final position. If voiced stops are more acoustically salient than voiceless stops, we predict that infants at 12-months will be able to discriminate voiced consonants in word-final coda position. A total of 32 12-month-old infants (M = 12.48 months, SD = 0.29) participated in this study. All infants were from monolingual English homes.
In this study, infants were tested using a modified variant of the Switch task (Werker et al., 1998) to test discrimination (Zamuner et al., 2008) . Infants were habituated to one of the VC tokens and then tested on their ability to discriminate the tokens. Each trial began when the infant fixated on the screen displaying a silent, rotating blue flower as an attention-getter. Once the habituation phase began, a trial consisting of repeated VC tokens was paired with a visual stimulus (i.e., an unbounded checkerboard). Each habituation trial was infant-controlled, where the trial ended immediately after the infant looked away. Online looking times were calculated using Habit X 1.0 (Cohen, Atkinson, & Chaput, 2004) and habituation ended when a pre-set habituation criterion of a 60% decrease in looking time over a 3-trial block was reached. Infants viewed a minimum of 6 and maximum of 24 habituation trials. Once habituated, infants were presented two test trials, the same token as presented during habituation (same trial), or the token not presented during habituation (switch trial). Infants were divided into two groups for counterbalancing where the Voiceless group was habituated to ap or ak (n = 16) and the Voiced group to ab or ag (n = 16). Test trials were presented in a randomized order. Infants were presented with the token di and a waterwheel as a post-test used to determine whether infants were still engaged by the end of the task.
A repeated measures ANOVA was used with trial type (same or switch) as the within-subjects factor, and group (voiced, voiceless) as the between-subjects factor. Results of Experiment 1 showed no main effect of trial type, however, found a significant interaction of trial type and group (p = .038). Follow-up t-tests revealed that infants in the voiced group looked longer to the switch trial (M = 5.72, SD = 3.00) than the same trial (M = 4.35, SD = 2.57), p = .012, whereas infants in the voiceless group did not show a difference between trials (ns). In word-final coda position it might be that voiced stops are more acoustically salient than voiceless stop, providing infants with added phonetic information to aid in discrimination.
EXPERIMENT 2
Experiment 2 tested infants' discrimination for the coda contrasts in word-medial position. In the literature, segments in the coda position are typically tested word-finally (e.g., the final /p/ and /k/ in tap and tack). However, these segments occur in English word-medially (e.g. the medial /p/ and /k/ in captain and doctor) as well as wordfinally. Segments have different acoustic and articulatory realizations in running speech and isolated segments (Repp, 1978 (Repp, , 1983 . Furthermore, studies with adult participants have founds that speech perception varies according to position (Pickett et al., 1996) . We therefore ask whether word position might also impact how infants perceive segments.
A total of 32 12-month-old infants (M = 12.49 months, SD = 0.26) participated in this study. All infants were from monolingual English homes. The same procedure was used in Experiment 2, but now infants heard apta or akta (voiceless group; n =16) or abta or agta (voiced group; n = 16). A repeated measures ANOVA was used with trial type (same or switch) as the within-subjects factor, and group (voiced, voiceless) as the between-subjects factor. Results of Experiment 2 showed no significant main effect of trial type (ns) and no significant interaction of trial type and group (ns). Infants at 12 months did not discriminate in word-medial coda position, regardless of voicing. This suggests that the perceptual advantage of voiced stops in word-final position does not exist in word-medial position.
DISCUSSION
Together these results provide support for the idea that perception of consonant contrasts is positionally constrained. Furthermore, these finding suggest a perceptual advantage for voiced stop contrasts over voiceless stop contrasts in word-final coda position for 12-month-old infants. There are several reasons why infants would be more successful at discriminating voiced consonants than voiceless ones. First, while English syllables prefer low sonority segments in onset position, segments higher on the sonority scale are preferred in coda position. Higher sonority segments such as liquids, nasals and fricatives are likely more preferred because they attach to the high sonority nucleus (usually a vowel) to form the rhyme. In the case of obstruents, voiced stops are more sonorant than voiceless ones. Because of this phonological preference in English, it may be that infants are more able to attend to higher sonority coda segments than to lower sonority ones making it easier to discriminate voiced stops wordfinally.
Alternatively, the ability to discriminate voiced stops in coda position can be attributed to acoustic reasons. Early on, infants demonstrate the ability to detect contrasting acoustic information (e.g., Kuhl et al., 1992; Werker & Tees, 1984) , which allows them to discriminate consonants. In coda position, voiced stops are typically characterized by shorter release times and longer preceding vowels than voiceless stops (Wright, 2004) . The current study controlled for vowel length preceding the voiced consonant (in relation to vowels used in Zamuner et al., 2008) , which means the duration of the consonant stricture (Massaro & Cohen, 1983) was likely the only available cue to distinguish a voiced stop from a voiceless one. This may potentially increase the acoustic saliency of voiced consonants over their voiceless counterparts, an effect that would be better evaluated through a comparison of voiced and voiceless consonants.
Relevant to this study, however, are primarily the formant transitions that give cues to the POA of a stop following a vowel. The second formant offset rises when a vowel releases into a velar stop (such as /k/ or /g/), and lowers when releasing into a bilabial stop (such as /p/ or /b/). These transitions allow the listener to determine the POA of the following stop. In the case of releasing into voiced stops the formant transitions are maintained longer than when releasing into a voiceless stop, resulting in a stronger cue as to the POA. This stronger cue might allow the infants to differentiate two voiced stops differing only by POA even when they are unable to make the same POA discrimination with voiceless stops.
While the results of this study provide an early indication that infants perceive voiced stop distinctions earlier than voiceless, they also provide support for the idea that perception of consonant contrasts is positionally constrained. Previous research has shown that infants perceive contrasts similar to those in this study as early as 9 months (Jusczyk, Goodman, & Baumann, 1999; Zamuner et al., 2006) . It is still not until 12 months that infants in the current study are able to discriminate word-final contrasts. This adds to the body of evidence suggesting that segments in onset position are more prominent than those in coda position.
Overall the results of this study suggest that, while the perception of consonant contrasts is positionally constrained, there seems to be a perceptual advantage for voiced stop contrasts over voiceless stop contrasts in word-final coda position. This perceptual advantage does not, however, extend to word medial position. Thus, it is possible that early sound categories are constrained by position and that it is not until infants are older that they expand their categories to include positional variants.
